Abstract-Little is known about the visual function deficits associated with polytrauma injury. In this retrospective descriptive study, we examined the records of a clinic established to assess visual function in patients experiencing deployment-related polytrauma. We describe the clinical findings and present a vision examination protocol that may be useful for screening polytrauma patients in other settings. Data from our sample suggested that self-reported vision complaints were common (74%) and confirmed that visual impairment occurred in 38% of all cases. When examining the mechanism of injury, we found that polytrauma due to blast injuries appeared to more than double the risk of visual impairment compared with all other polytrauma causes (i.e., motor vehicle accidents, gunshot and/or shrapnel, assault, falls, or anoxia). The rate of visual impairment in blast-related injury was 52% compared with 20% for all other sources of injury. Visual complaints and impairments were common in the polytrauma patients studied. This finding suggests that comprehensive eye examinations should be routinely administered, particularly when the mechanism of injury involves a blast.
INTRODUCTION
Blindness and visual impairment have long been recognized as consequences of war. The eyes encompass only about 0.25 percent of the surface area of the body. Current estimates, however, suggest that injuries to the eyes are 20 to 50 times greater than would be predicted by their relatively small surface area [1] [2] . Ocular injuries in World War I constituted between 2.5 and 3.0 percent of all injuries, while in Operations Desert Shield and Storm (1991), they accounted for 13 percent of all injuries [1] . The use of explosive devices has led to an increased number of military personnel with traumatic brain injury (TBI) as a result of combat or related events. TBI may damage the visual pathway, visual cortex, and/or pathways that connect the eyes to cortical visual centers. Other sensory and motor areas, as well as areas governing memory, cognition, motor control, and emotion [3] , may also be damaged. Thus, injuries to either the eye or brain may result in vision loss or blindness in addition to other functional, emotional, and mental impairments.
Between January 2003 and March 2006, 28 percent of the patients evacuated to Walter Reed Army Medical Center received a diagnosis of TBI and the Defense and Veterans Brain Injury Center classified more than half of these cases as moderate or severe [4] . In a study at the Department of Veterans Affairs (VA) Palo Alto Health Care System (VAPAHCS), 74 percent of 38 combat-related TBI patients in the Polytrauma Rehabilitation Center (PRC) had blast exposure [3] . The relatively high rate of eye injuries may be related to the increased number of head injuries associated with blasts caused by bombs, grenades, rockets, or other explosives as compared with other mechanisms of injury such as gunshots [5] [6] . The increased incidence of head and eye injuries has led to continuing efforts to develop better head armor for soldiers [7] .
While injuries to the eye and brain have been highlighted in the polytrauma and related literature, little or no attention has been given to the nature of the vision loss. The Veterans Health Administration clinical directive has defined "polytrauma" as injury to the brain concurrently with injury to several other body areas or organ systems that results in physical, cognitive, and psychosocial impairments. * The lack of understanding of vision loss and its possible interaction with brain injury may interfere with effective rehabilitation. A similar situation exists in the stroke and TBI literature. Zihl [8] and Biehl et al. [2] have noted that central visual and oculomotor disorders occur in 20 to 40 percent of neurological rehabilitation center patients, and Gianutsos reported that about half of head trauma patients exhibit visual system disorders that have not been assessed despite previous hospital treatment [9] . Kerkhoff suggested that two factors explain the lack of eye examinations and treatment: limited financial resources in healthcare and the belief that central visual disorders do not require treatment, since they do not adversely affect outcome [10] . Kerkhoff questioned the validity of that belief and presented evidence that although selected training activities do not restore normal function, they do increase independence and perceived quality of life [10] .
Visual impairments adversely affect the subjective quality of life of institutionalized [10] and noninstitutionalized [11] [12] individuals. On a functional level, visual impairments reduce the individual's ability to perform such common tasks as reading, activities of daily living, facial recognition, and travel. Visual impairments are also associated with increased length of hospitalization [13] , risk of falls and hip fracture [14] [15] , and mortality [16] [17] . Experience in the VA Blind Rehabilitation Service has shown that prescribing optical devices and specialized rehabilitation interventions restores independent function in cases of severe visual impairment, including blindness. The brain is particularly susceptible to high-impact injuries and, as Lew noted [18] , compensation strategies for rehabilitation rely heavily on the brain. Vision can play an important role in polytrauma rehabilitation since walking, reading, face recognition, orientation, shopping, meal preparation, grooming, and a myriad of other daily activities derive most of their sensory input from the visual system. An estimated 70 percent of all human sensory processing is affected by information from the two eyes [19] . Unrecognized or uncorrected refractive errors, photosensitivity, or more severe visual and/or perceptual impairment in polytrauma patients are likely to negatively affect rehabilitation efforts. Uncorrected refractive errors, for example, may reduce performance on penand-paper neuropsychological tests. Progress in the rehabilitation of activities of daily living may be impeded if the patient cannot clearly see labels, read directions, or recognize common objects. More severe visual impairments, such as hemianopsia or visual neglect, may hinder physical therapy for walking or wheelchair use and increase balance problems and fall risks.
The severe combination of disabilities presented by polytrauma patients is an unprecedented challenge for rehabilitation facilities. This challenge has led some to propose that, while acute emergency-based medical care is well described, it may not be an adequate model for treating this unique population in rehabilitation settings, particularly when patients have blast-related injuries. Scott and colleagues proposed mechanism of injury as the preferred model for comprehensively assessing and treating blast-related polytrauma cases [20] . A major advantage of this model appears to be its focus on the typical sequelae given the mechanism of injury, which increases the likelihood that related conditions will be detected. Undetected visual impairment, for example, can be masked by symptoms associated with problems in cognition and The current study quantified and analyzed the results of comprehensive vision examinations conducted on a cohort of polytrauma patients who were deployed in conjunction with Operation Iraqi Freedom (OIF) or Operation Enduring Freedom (OEF). These patients' injuries occurred either during combat or deployment-related activities. For example, all injuries from a blast event were combat-related, as were gunshot and/or shrapnel wounds. Motor vehicle accidents (MVAs) were not always combat-related. All injuries due to falls were non-combat-related.
For this article, we defined "vision deficits" broadly to encompass conditions such as uncorrected refractive error and photosensitivity as well as more significant vision losses such as visual impairment and blindness. We also report on patients who had visual perceptual deficits (e.g., visual neglect or inattention) and/or difficulty reading (e.g., inability to comprehend at a fifth-grade level, scan or track lines of text, or read fluently as rated by the examining optometrist) even though their visual acuity may have been normal or near normal. Of note, the vision examinations revealed conditions that likely existed before injury (e.g., refractive error) in addition to conditions that appeared to be sequelae of the events that resulted in the polytrauma injury. However, drawing cause-and-effect conclusions is beyond the scope of the current article. Rather, our focus is on elucidating those visual characteristics of a cohort of polytrauma patients that may limit or impede rehabilitation.
METHODS
We derived data for the current study from a record review of patients seen in the Optometry Polytrauma Inpatient Clinic (OPTIC) at VAPAHCS between its opening in December 2004 and November 2006. The OPTIC was established specifically as a referral point for eye examinations for patients in the PRC and for refractive corrections and other appropriate remediation. In addition, the OPTIC provided information on the visual status of polytrauma patients to members of their PRC treatment team and referred patients to other services when appropriate. A specific eye complaint was unnecessary for referral, and the clinic attempted to see all veterans and active-duty personnel admitted to the PRC. All subject data collection methods complied with regulations regarding the treatment of human subjects in research. The Stanford University/VAPAHCS Institutional Review Board approved the study.
The OPTIC examination protocol is outlined in the Appendix (available online only at http:// www.rehab.research.va.gov/). It includes self-report questions about vision status before and after the injury, clinical measurements of distance and near visual acuity, visual fields, binocular vision status, and other vision measures. Patients were usually referred for OPTIC examinations soon after arriving at the PRC. Patients were examined at bedside if they could not sit up or had insufficient mobility to travel to the eye clinic for a standard examination. To allow vision examinations of even severely impaired patients, the eye examination protocol used the Feinbloom chart (Optelec US Inc, Vista, California) for distance visual acuity and the Lighthouse Letter Chart (Optelec US Inc) for near visual acuity testing. In addition, Teller Acuity Cards (Optelec US Inc) were used as needed for very low-functioning patients who were limited in cognitive ability and/or ability to verbally respond to tests.
Visual fields conducted at bedside were screened with confrontation fields. If the confrontation field indicated a possible field loss, a visual field was performed with either a hand-held arc perimeter, or if the patient could travel, a Goldmann perimeter (no longer commercially available). Reading was assessed with paragraphlength, fifth-grade equivalent, 1.0 M print materials with correction if needed. The clinician used a three-point scale (i.e., smooth, hesitating, no facility) to rate the subject's ability to read aloud. Reading speed and the ability to understand or remember the content of the paragraph were tested with five questions about the content. Comprehension was also rated on a three-point scale: complete (five of five questions answered correctly), basic (two to four questions answered correctly), or does not comprehend (zero or one question answered correctly).
Accommodative amplitude was measured in each eye with a push-up/pull-away technique. Near point of convergence was measured with a confrontation near target. Fixation stability on a near target was assessed for steadiness, and any nystagmus was noted. Saccadic eye movements were assessed for accuracy and speed of eye movements between targets. Pursuit eye movements were assessed for accuracy and smoothness. Extraocular muscles were assessed for range of motion and equality between the eyes. Binocular vision function was assessed with cover tests in primary gaze at distance and at near to detect potential convergence, divergence, or strabismus problems.
Stereo testing with the Randot test (Bernell VTP, Misawaka, Indiana) was used to assess fine binocular function. Color vision was screened with Ishihara plates (Bernell VTP) to detect congenital and/or pathological color vision dysfunction. Pupils were assessed with the swinging flashlight test to exclude optic nerve involvement. Damage to cranial nerve II was assessed by visual acuity, color vision, pupil testing, and optic atrophy. Enucleated eyes were considered to have damage to cranial nerve II. The status of cranial nerves III, IV, and VI was assessed by using extraocular muscles and cover test.
Visual perceptual and spatial deficits were assessed in the speech pathology examination, and data for the current study were taken from the speech pathologists' entries in the patients' medical charts. Eye examinations for easily fatigued patients were broken up over several days.
Findings outside the normal ranges for saccades, pursuits, fixation and/or nystagmus, accommodation, and convergence were considered dysfunctions. Visual impairment was defined based on the International Classification of Diseases-9th Edition (ICD-9) classification; however, some ICD-9 levels were combined to reflect VA eligibility for vision rehabilitation service.
* Normal and near-normal levels were combined into a single normal/near-normal level (visual acuity between 20/20 and 20/63). Levels of moderate, severe, profound, and near-total visual impairment were combined into a single visual impairment category (visual acuity ranging from 20/80 to 20/1,000). Hemianopsia was classified under ICD-9 as a severe visual impairment comparable with a visual field of ≤20°. Blindness was classified as a visual acuity of <20/1,000 or bilateral enucleation.
RESULTS
The current study reports on 50 patients examined in the OPTIC. This group represents 70 percent of all the patients admitted to the PRC from December 2004 (when the OPTIC opened) to November 2006. The subjects lost to this study included those who were transferred or discharged to another facility before an examination could be scheduled or completed, those who could not respond to the examination (i.e., emerging consciousness patients), or those who were not referred during the start-up phase of the clinic. The mean age of subjects examined was 28.1 years (median 26 years), with a range of 19-56 years; 5 subjects were female (10%) and 45 were male (90%).
All subjects had experienced a TBI, as diagnosed and documented in their medical records by the Palo Alto Defense and Veterans Brain Injury Center; however, TBI was not an inclusion criterion for this study. For this article, we categorized as "blast" injuries all injuries from improvised explosive devices, rocket-propelled grenades, mortars, or other explosive causes. Blast injuries accounted for half of all injuries. MVAs not involving a blast were the second most frequent source of injury (26%), followed by assault and falls (8% each), gunshot and/or shrapnel wounds (4%), and anoxia (4%). Most injuries (59%, n = 29) occurred in combat, while the remainder (41%, n = 21) occurred in non-combat-related assaults, MVAs, or falls. More than half (56%) of the head injuries were nonpenetrating. Blast-related injuries produced penetrating injuries to the head in 44 percent of occurrences, while all other injury causes produced penetrating injuries in 16 percent of occurrences. A total of 74 percent of subjects complained about vision. These subjects reported one or more of the following: blurred distance vision, sensitivity to light, missing a part of their vision, bumping into objects or walls, blurred near-reading vision, and inability to comfortably read continuous text. In addition, 6 percent of subjects were unresponsive to the questions and 20 percent reported no vision difficulties.
The average best-corrected visual acuity for right eyes (20/34, logarithm of minimum angle of resolution [log-MAR] = 0.236, standard deviation [SD] = 0.419) and left eyes (20/36, logMAR = 0.264, SD = 0.432) was similar to the mean binocular visual acuity of 20/34 (logMAR = 0.230, SD = 0.412). Sixty-four percent of the subjects had a refractive error and required correction. Many did not have their glasses or contacts with them upon admission because these items were lost or misplaced during transit and treatment from the battlefield to the PRC.
Most subjects had normal visual fields; however, visual field defects were common ( Table 1) . In some cases, visual field assessments could not be performed because the eye was enucleated or the patients' visual acuity was insufficient for testing; these cases were classified as "not applicable." In a small number of cases, subjects were unable to verbally or otherwise respond to the field stimulus in a manner that could be interpreted; these cases were classified as "unknown/untested." * OEF and OIF veterans classified as visually impaired or blind are eligible for services provided by the VA Blind Rehabilitation Service.
A total of 18 percent of subjects had one eye enucleated, and 8 percent were blind in both eyes. In these blind eyes, both eyes were either enucleated or had light perception only. All cases of total blindness were associated with a blastinduced injury. Blindness or legal blindness was present in seven cases (14%). Blasts accounted for three of these cases (6%), gunshot wounds for two (4%), and falls or assault for one each (2%). Visual impairments (visual acuity between 20/63 and 20/100) occurred in five cases (10%), with blasts accounting for four (8%) and an MVA for one (2%). Table 2 presents the number and percentage of subjects who were not classified as visually impaired but sustained injury to the eye, orbit, and/or cranial nerves. For simplicity and to reflect the difficulty in assessing specific cranial nerve injury in this population, we separated the data for cranial nerve II and aggregated the data for cranial nerves III, IV, and VI. Table 3 presents the same data for subjects who were classified as visually impaired. Overall, those patients whose injury resulted in a visual impairment were more likely to have damage to the eye, orbit, and/or cranial nerves. Table 4 presents the number and percentage of subjects whose injuries were non-blast-related but who sustained damage to the eye, orbit, and/or cranial nerves. Table 5 presents the same data for those subjects whose injuries were blast-related. No. (%) of subjects with damage to eye, orbit, cranial nerve II, and/or other cranial nerve (III, IV, or VI) among all non-blast-related polytrauma subjects (n = 25). No. (%) of subjects with damage to eye, orbit, cranial nerve II, and/or other cranial nerve (III, IV, or VI) among all blast-related polytrauma subjects (n = 25). Blast-related injuries were more frequently associated with damage to the eye, orbit, and/or cranial nerves. Binocular, perceptual, and reading difficulties were common in subjects regardless of the mechanism of injury ( Table 6) . Accommodation, convergence, and spatial deficits occurred in 20 percent or more of all subjects and within each mechanism-of-injury category. Reading deficits were also equally represented overall and within each category but at a much higher rate (~60%) than other deficits. Best-corrected visual acuity was correlated with reading deficits; however, the correlation was modest (r = 0.419, p < 0.001) and accounted for less than 18 percent of the variance. Blast-related injuries and non-blast-related injuries were associated with similar rates of binocular or perceptual dysfunction. Non-blast-related injuries, however, were associated with somewhat higher rates of convergence and pursuit and/or saccade dysfunction, fixation and/or nystagmus, and diplopia.
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DISCUSSION
We assessed the visual characteristics of OIF/OEF troops admitted to the VAPAHCS PRC. The visual examination was designed to uncover a wide range of diagnoses that were either preexisting or related to the injuries that resulted in the patient's admission to the PRC. In addition to the visual examination, the study gathered self-report data from each patient about his or her current visual function as well as patient-record data relating to the presence or absence of TBI and visual perceptual and/or spatial disorders. The data generated by this study suggest that if eye examinations only assessed visual acuity, one might well conclude that further eye examinations were unnecessary unless warranted by the patient's injuries. The data indicated that the median best-corrected visual acuity in the polytrauma population was 20/20, which is classified as "normal." However, the study also found that 74 percent of patients reported vision-related complaints and 64 percent had refractive errors that required optical correction. Refractive errors were probably unrelated to the injuries leading to these patients' admission to the PRC. Often, the patients' optical corrections, such as glasses or contact lenses, had been misplaced or lost before the examination. In such cases, appropriate corrections were prescribed because they are necessary for individuals to perform routine tasks such as reading; recognizing friends, family, or staff; watching television; and other daily tasks. The absence of corrective lenses can result in myopic patients, who experience difficulty seeing signs, watching television, or recognizing distant people or objects, or in hyperopic patients, who may have difficulty reading or performing near tasks, including rehabilitation-related assessments. Combined with a TBI, the need for refractive correction can lead to unnecessarily increased difficulty and frustration for patients trying to accomplish even simple tasks.
More significant visual deficits were also common. About 24 percent of subjects had visual field deficits, while 38 percent of subjects sustained vision loss that ranged from moderate to total blindness as a result of visual acuity, visual field loss, and/or bilateral enucleation. Blast-related injuries were associated with more cases of vision loss (52%) than were other mechanisms of injury (20%). These patients' degree of vision loss made them eligible for VA Blind Rehabilitation services Table 6 . No. (%) of binocular, perceptual, or reading problems for all subjects and for subjects grouped by mechanism of injury (blast vs nonblast). Totally blind subjects (n = 4), all with blast-related injuries, were excluded.
Problem
All Subjects (n = 46) and many were referred for these services. However, physical or cognitive injuries precluded an immediate referral in some cases. In other cases, the patients wanted to return home before receiving additional rehabilitation.
When we compared the incidence of damage to the eye, orbit, and/or cranial nerves (II, III, IV, or VI) between subjects who were and were not classified as visually impaired, we found that both groups had similar damage to the eye and orbit. The group classified as visually impaired, however, showed somewhat higher rates of cranial nerve damage. When we examined damage to the cranial nerves by mechanism of injury (blast versus all other causes), we found that blasts were associated with higher rates of damage to the eye, orbit, and/or cranial nerves. Damage to the cranial nerves can result in reduced visual acuity, decreased or lost pupillary response, strabismus, or other oculomotor disorders that interfere with binocular vision and/or the ability to effectively fixate and track moving objects.
For all subjects, the incidence of binocular dysfunction (i.e., problems with accommodation or convergence), pursuit and/or saccade deficits, and visual spatial deficits ranged between 20 and 30 percent. These deficits showed no consistent differences by mechanism of injury. As measured by reading ability and comprehension of a fifth-gradelevel paragraph, most subjects' reading was impaired (rated as basic comprehension or no comprehension); however, the mechanism of injury did not differentiate reading ability. Poor visual acuity was correlated with poorer reading performance. This modest correlation, however, left 80 percent of the variance unaccounted for, which suggests that factors other than reduced visual acuity were equally or more important in producing reading deficits. Visual field restrictions may be one such factor. Also, given that all subjects were diagnosed with a TBI, the reduced reading ability might have been the result of cognitive, perceptual, attentional, or other factors. The current study lacks information about the population's preinjury reading level and, although we consider it unlikely that most of these individuals could not read at a fifth-grade level before injury, we cannot rule out prior poor reading ability as a contributing factor.
Visual deficits, including severe visual impairments, appear to be common in polytrauma patients. The current study strongly suggests that damage to the optical and visual perceptual system is a major contributor to the constellation of deficits shown by polytrauma patients. These results appear to be robust. However, one should note that the population studied was relatively small. Also, because the Palo Alto PRC is the only one of the four PRCs to have blind rehabilitation, ophthalmology, and optometry services, there may have been a bias in referring patients with visual impairments to Palo Alto. While we have no evidence of such bias, we cannot rule it out. Even if such referral bias did exist, we consider it unlikely that it would be sufficient to negate the findings of this study.
Among the constellation of injuries experienced by polytrauma patients, vision-related loss is prevalent, and if unaddressed, likely to negatively impact rehabilitation. The current study results should encourage additional research on the extent and nature of vision loss and its rehabilitation in the polytrauma population. The role of mechanism of injury in defining assessment and treatment strategies for individuals exposed to improvised explosive devices and other high-powered blasts should be further explored. Such future studies can build on the current study by including a larger sample size and improving current assessment techniques. The assessment of cranial nerve damage in particular would benefit from a more sophisticated strategy than was available to us.
CONCLUSIONS
The current study found evidence of frequent and severe visual impairments in a population of polytrauma patients. The extent and severity of vision-related injury and deficit suggest that all polytrauma patients should have routine comprehensive vision examinations. The relationship found between vision loss or dysfunction and blast events supports the concept that the "mechanism-of-injury" model is valuable in polytrauma assessment and treatment settings. The current findings are consistent with the need for additional studies on vision and visual perceptual loss in polytrauma patients. Such studies should not be limited to patients with overt blastrelated injuries. Given the magnitude of the effect of blasts on the visual system, studying troops exposed to blasts, even if minor or with no resulting physical damage, would seem prudent. Such study would be particularly relevant for those troops exposed to a blast who report any level of visual difficulty, such as decreased reading ability, reduced reading duration, inability to track printed materials, or photosensitivity. The Palo Alto Polytrauma Network Site clinic has undertaken a study incorporating a visual screen, and the results of that study will be reported in another publication.
